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Abstract 
As potable water becomes an increasingly scarce resource, its conservation has become a high priority around the 
world. This paper investigates psychosocial and behavioural factors influencing consumers’ intention to engage in 
everyday water saving actions around the home. A web-based survey was used to collect data from 174 individuals 
in Greece. An extended theory of planned behaviour perspective was used to model intention to engage in water 
saving actions around the home. Research hypotheses were constructed regarding the influence of attitudes, 
subjective norms, perceived behavioural control, information exposure and current engagement in water saving 
actions. Engagement in water saving behaviour, and active engagement with information on water conservation, 
predicted intention to save water; however, mere exposure to information was not implicated.  Subjective norms 
and perceptions of control predicted intention to save water but attitudes towards saving water did not. 
© 2013 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
This paper examines a set of variables theorized to be associated with individuals’ intention to save water 
around the home. A link to a web-based survey was circulated by a university and water company in the Thessaly 
region of Greece. This survey (which was also conducted in Poland) is a preliminary stage of an intervention pilot 
that aims to promote water conservation within the home. A key project deliverable is an innovative suite of apps 
that will offer householders feedback on their water usage and information and guidance on how to conserve water. 
Analysis of the survey dataset was conducted to gain a better understanding of factors associated with motivation 
to engage in these types of behaviours. This paper presents results for the Greek dataset as a case study. 
1.1. Context 
In many regions of the world, unprecedented demands are being placed on residential water supplies by 
population growth, urbanisation and tourism development [1]. In some areas, supplies are further compromised by 
increasingly frequent and severe droughts [2]. Demographic and climate change models indicate that these macro 
level trends are likely to continue. Potential supply-side responses such as the exploitation of new resources or the 
long distance transportation of water may have substantial environmental and economic costs. In recognition of 
this, the European Commission advocates the creation of a water efficient economy and the promotion of a water 
saving culture across Europe.  
In recent decades, technological advances have enhanced the efficiency of many domestic water-using 
appliances [3]; however, per capita residential demand has not reduced commensurately [4]. This reflects a 
countervailing trend towards an expansion in end use sites (e.g. second bathrooms and swimming pools) and 
changing consumer habits (e.g. longer and more frequent showers). Consequently, modification of domestic water 
use behaviours must be a key component of any effective water demand management strategy. 
At the level of policy, strategies for reducing consumer demand for water may involve increasing the price of 
water and/or offering householders incentives to replace old, inefficient appliances. However, interventions that 
seek to reduce demand by making water more expensive risk penalizing low income households (who may already 
be frugal in their habits) whilst having no impact on higher income households that are able to absorb the rise in 
costs. Similarly, the offer of subsidies to purchasers of new appliances may disproportionately advantage wealthier 
households whilst doing nothing to address wasteful habits such as running the washing machine for just a few 
items of laundry. These equity concerns do not apply to interventions that seek to promote everyday water saving 
habits. Previous interventions that have sought to educate the public about water conservation have often failed to 
achieve a sustained reduction in consumption. Explanations for this lack of efficacy highlight the seminal role of 
social and psychological constructs in shaping behaviour [5]. It follows that the structure and content of 
interventions must be based upon an informed understanding of the social and cultural contexts of consumer 
practice.  
A body of research exists into correlates of metered household water consumption in various locations around 
the world. Socio-demographic factors which have been positively associated with metered water consumption 
include household size, income and education [6, 7]. Property characteristics found to be positively associated with 
water consumption include number of showers and plot size [8]. However, identification of socio-demographic and 
property characteristics that correlate with consumption offers little insight into ways in which consumers may be 
persuaded to adopt everyday water saving habits.  
Research has explored the predictive power of attitudes and norms on intention to conserve water. Often, the 
context for these studies is a recent drought. In this situation, studies may have been preceded by public 
information campaigns and restrictions on water consumption; consequently, awareness of water-related issues 
may be high. In Australia, Fielding et al. [9] found that positive attitudes towards saving water were associated 
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with intention to save water among survey respondents in Brisbane but not Melbourne; the same study identified 
subjective norms as significant predictors of intention to save water at both sites.  
Where actual consumption is the outcome, attitudes and norms may not have predictive power. A study 
conducted in urban areas of Mexico found that attitude towards saving water correlated with both intention to 
conserve water (positive) and recorded water consumption (negative)[10]. Research carried out in two Australian 
states identified a significant negative association between commitment to saving water and metered household 
consumption in Victoria but not in South Australia [11]. Other studies have failed to find an association between 
attitudes and norms and metered water consumption [12]).  
1.2. Theoretical framework 
For the current research, the survey design was informed by Icek Ajzen’s theory of planned behaviour (TPB). 
The core of the TPB is depicted in Figure 1 [13].  
 
 
 
 
 
Figure 1: Theory of planned behaviour (TPB) model 
As the survey did not have a longitudinal dimension, the primary outcome measure in the analysis was specified 
as intention to engage in everyday actions to save water around the home. The TPB proposes that intention to act is 
the immediate precursor of action. Ajzen states that intentions are “indications of how hard people are willing to 
try, of how much effort they are planning to exert, in order to perform the behavior” [Ajzen 1991: p181]. The TPB 
proposes that there are three primary drivers of intention to behave in a certain way: attitude towards the action; 
perception of relevant subjective norms, and; perception of factors that could impede or facilitate completing the 
action. 
Attitude has been described as an individual’s overall evaluation of the outcomes of an action [14]. Potential 
outcomes may be perceived to be positive (e.g. valuable) or negative (e.g. worthless). For any given action, an 
individual may report a mix of positive and negative outcomes. For example, an individual may evaluate taking 
short showers as simultaneously valuable (because this reduces utility bills) and unpleasant (if long showers are a 
source of pleasure).  
Subjective norms signify perceived expectations of others (i.e. expectations about how someone should or 
should not act). The perceived normative expectations of groups that matter to the individual give rise to social 
pressure to comply. 
While some actions may be fully within the individual’s control (such as turning off the tap while brushing 
teeth) others may not. For example, an elderly resident may never fill the washing machine because, when wet, a 
full load would be too heavy to handle. Perceived behavioural control reflects a person’s evaluation of how easy 
or problematic it would be to achieve the desired outcome. As this factor may act as a proxy for genuine barriers or 
facilitators, it is also posited as a direct predictor of behaviour within a TPB model.   
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The TPB proposes that the three drivers of intention are underpinned by distinct sets of beliefs. Attitude is 
informed by behavioural beliefs; subjective norms by normative beliefs and perceived behavioural control by 
control beliefs. For any given behaviour, there are innumerable beliefs that an individual could incorporate into the 
formulation of an intention to act; in practice, only a subset is accessed on any one occasion. Potentially, 
interventions could influence water usage intentions (and thereby behaviours) by prompting users to incorporate 
different, or additional, beliefs into their decision making. Interventions could proceed by focusing modifying 
attitude and/or subjective norms and/or perceived behavioural control. The choice will be informed by an 
assessment of the relative influence of the three drivers on behavioural intention.  
TPB models are often extended by incorporating factors, such as exposure to information. Ajzen proposed that 
the basic model is sufficient to predict intention and that the influence of other characteristics is entirely mediated 
by these core factors. From this perspective, information exposure may inform the beliefs that underpin attitudes, 
subjective norms and perceived behavioural control; however, it will make no additional and unique contribution 
to the prediction of intention. The current analysis considers whether this is supported.  
In addition to information factors, the analysis considers whether current water saving behaviour is associated 
with intention to save water around the home. While a link may seem intuitive, it is argued that some everyday 
behaviour is ingrained and habitual and therefore may not be subject to the cognitive processes implied by the 
TPB. Finally, the analysis controls for gender, age and education.  
The analysis proceeds via a hierarchical linear regression. Model 1includes socio-demographic and current 
behavioural variables; model 2 introduces information factors and model 3, the core TPB variables of attitudes. 
The above theoretical and analytical frameworks give rise to a number of hypotheses:  
Hypothesis 1 Prior to the introduction of the TPB factors, there will be a positive association between current 
water saving behaviours and intention to engage in everyday actions to save water around the home  
Hypothesis 2 Prior to the introduction of the TPB factors, there will be a positive association between 
information exposure and intention to engage in everyday actions to save water around the home.  
Hypothesis 3 There will be a positive association between attitude towards engaging in everyday actions to 
save water around the home and intention to engage in everyday actions to save water around the home  
Hypothesis 4 There will be a positive association between subjective norms relating to engaging in everyday 
actions to save water around the home and intention to engage in everyday actions to save water around the home.  
Hypothesis 5 There will be a positive association between perceived behavioural control relating to engaging 
in everyday actions to save water around the home and intention to engage in everyday actions to save water 
around the home  
1.3. Methods 
Participants and design 
Consortium partners at the University of Thessaly and the Greek water company DEYASK circulated details of 
the study and a link to the web-hosted survey to colleagues and other associates. Data collection took place 
between November 2014 and May 2015. The profile of the achieved sample (n=174) reveals that there were more 
men (58 per cent) than women. There was a broad spread of ages ranging from 18 to 24 (14 per cent) to 65 and 
over (nine per cent). Almost one quarter (24 per cent) had left full-time education before the age of 16 while 30 per 
cent had a university degree and five per cent had not yet left full-time education. The achieved respondents are a 
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convenience sample; however, as the theoretical population of interest comprises potential app users, the 
prevalence of graduates is not considered highly problematic. 
Measures 
According to the theory planned behaviour, TPB factors are latent and so cannot be measured directly. 
However, latent factors give rise to manifest factors which are measurable. Theoretically, these are highly 
correlated with the latent factor and each other. In statistical models, sets of indicator variables represent the 
factors, subject to tests of validity and reliability. In the current survey, the question wording for proposed sets of 
indicator items was based on existing studies which, in turn, were informed by Ajzen’s guidelines [15]. These are 
as follows: 
Attitude: four 5-point semantic differential items responding to the statement: “taking everyday action to save 
water around the home is .... ” (anchor points extremely worthless/extremely valuable; extremely unpleasant/ 
extremely pleasant; extremely harmful/ extremely beneficial; extremely bad/extremely good). 
Subjective norms: three 5-point Likert-type scales (endpoints strongly disagree/strongly agree) with statements 
such as, “I feel like there is social pressure to save water around the home”. 
Perceived behavioural control: two 5-point Likert-type scales (endpoints strongly disagree/strongly agree). One 
statement was, “Whether I save water around the home is entirely up to me”.   
Intention: two 5-point Likert-type scales including, “In the next six months I want to engage in everyday actions 
to save water around the home” (endpoints strongly disagree/strongly agree). 
In this analysis, the core TPB was extended with three measures of exposure to information. These are derived 
from responses to questions with response categories ranging from 1 (absolutely none) to 7 (a huge amount). These 
were: ‘How much effort have you personally made in the last year to look for information on ways to use less 
water around the home?’, ‘How much information about water conservation have you seen or heard in the last 
year?’ and ‘When you come across information on saving water how much attention do you give it?’. 
Current frequency of engaging in water saving actions was included. One item was taken to indicate habitual 
behaviour, ‘turning off tap when brushing teeth’ while a second was an indicator of fully cognitive behaviour, 
‘checking for and fixing leaks’. A third action was viewed as being both cognitive and indicative of self-sacrifice; 
this was, ‘having shorter showers than you would like’. Response categories ranged from 1 ‘never’ to 5 ‘always’. 
2. Results 
2.1. Confirmatory factor analysis 
Diagnostic tests were conducted on the proposed TPB factors using confirmatory factor analysis.  Parameter 
estimation was based on maximum likelihood estimation (MLE) technique using the LISREL 8 package. Model fit 
was estimated on the basis of the following standards: normal Chi square ( /df) <=3.0; goodness of fit index (GFI) 
>0.90, comparative fit index (CFI) >0.90; incremental fit index (IFI) > 0.90 and root mean square approximation 
(RMSEA) <=0.08.  
The initial model was not a good fit; consequently, items with low factor loadings were removed. The results 
for the final model are specified in Table 1. The associated model fit indices meet the criteria specified ( /df=1.82; 
GFI=0.97; CFI=0.96; IFI=0.96; and RMSEA=0.080). In addition, all retained items have loadings > 0.70 and R2 
above 0.50. For the remaining multiple item indices, t-values were significant at p<.0001. Consequently, it can be 
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concluded that convergent validity has been achieved. Construct validity and average variance explained were also 
acceptable according to standard criteria (>0.60 and > 0.50, respectively).   
 Table 1. Final model from confirmatory factor analysis and derived mean score and standard deviations 
Construct 
Indicators 
Loading t-value  Mean score (SD) 
Attitude 0.72 5.38  4.50 (0.87) 
Actions harmful/beneficial     
Actions bad/good     
Subjective norms 0.72 6.76  3.80 (0.92) 
People want me to save water     
It is expected I save water     
Perceived behavioural control 0.84   4.19 (0.95) 
I am confident I could save water     
Intention 0.81 9.07  3.70 (1.03) 
I expect to save water     
I want to save water     
For the final model, attitude was represented by a  two-item indicator set (‘taking everyday actions to save water 
around the home is …. ’ extremely harmful/extremely beneficial and extremely bad/extremely good). Two items 
represent subjective norms (‘I believe that people who are important to me want me to save water around the 
home’ and ‘it is expected of me that I save water around the home’). Perceived behavioural control (PBC) is 
represented by a single item (‘I am confident I could save water around the home if I wanted to’). For intention, 
both of the original items were retained in the indicator set. On the basis of the achieved CFA model, mean scales 
were constructed. The sample mean scores and standard deviations are also shown in the table.  
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2.2. Hierarchical linear regression results 
Table 2.Effects of information, behaviour and TPB factors on intention to engage in everyday actions to save water around the home 
 Model 1  Model 2  Model 3 
 B SE β  B SE β  B SE β 
Age -.029 .051 -.042  -.014 .049 -.021  -.036 .047 -.054 
Gender -.158 .153 -.077  -.093 .145 -.046  -.067 .134 -.033 
Low education .005 .205 .002  -.027 .195 -.011  .066 .180 .027 
Medium education .071 .171 .035  -.019 .164 -.009  -.008 .150 -.004 
Brush teeth/turn off tap .154 .059 .210**  .096 .058 .131  .031 .054 .042 
Check for leaks .187 .070 .210**  .130 .068 .146  -.007 .068 -.008 
Shorter showers .200 .064 .238**  .134 .063 .160*  .140 .058 .166* 
Information seeking     .106 .053 .181*  .056 .050 .096 
Information seen/heard     -.083 .049 -.139  -.053 .045 -.089 
Information attention     .163 .061 .272**  .121 .057 .202* 
Attitude         .109 .087 .094 
Subjective norms         .226 .085 .205** 
PBC         .265 .085 .249** 
 Notes: Step 1 adj. R2= .221 (p<.001); Step 2 adj. R2=.303 Step 3 adj. R2=.418 (p<.001); **=p<.01, *=p<.05 (two-tailed)  
In all three models, none of the socio-demographic variables was associated with intention to save water around 
the home across the next six months.  
In the first model, frequency of engaging in each of the three behaviours was positively associated with 
intention to save water; consequently, hypothesis 1 is supported. There is no evidence that the habitual action 
(turning off the tap when brushing teeth) is less influential than the cognitive actions.  
In the second model, information-seeking effort was positively associated with intention to save water, as was 
attention paid to any information seen; however, controlling for these factors, the quantity of information seen or 
heard on water conservation did not predict intention to save water. Hypothesis 2 is partially supported. This set of 
items indicates that mere exposure to information does not influence intention; rather engagement is key. 
In the third model, subjective norms and perceived behavioural control were positively associated with intention 
to save water but attitude was not; consequently, hypothesis 3 is not supported but hypotheses 4 and 5 are. With 
the inclusion of these TPB factors, frequency of taking shorter showers and attention paid to information seen or 
heard continues to predict intention to save water. This is inconsistent with the sufficiency thesis for the theory of 
planned behaviour. 
3. Conclusion 
This study was designed to offer insight into the behavioural and psychosocial drivers of everyday water saving 
behaviours among Greek water consumers. These insights will be used to inform the specification of an 
intervention to promote uptake of water curtailment activities in households.  
A theory of planned behaviour (TPB) was found to have some utility in predicting intention to engage in 
everyday water saving actions around the home as both subjective norms and perceived behavioural control were 
1454   Kim Perrena and Lili Yang /  Procedia Engineering  119 ( 2015 )  1447 – 1454 
associated with this outcome. However, in the presence of information exposure and current behaviours, attitude 
was not a significant predictor of intention. This may be due to the apparent consensus manifested for the attitude 
factor. The sample mean was 4.50 which is close to the maximum of 5. This indicates that the intervention should 
not seek to promote pro-conservation attitudes for most people. However, the fact that pro-conservation attitudes 
are not matched by pro-conservation intention (as indicated by the means in Table 1) may be the target for 
intervention activity. Highlighting this value-action gap may prompt cognitive dissonance in consumers and 
encourage them to address the disparity between their beliefs and their intentions.  
Subjective norms were associated with intention to save water (Table 2); furthermore, the mean subjective norm 
score (Table 1) was not high. This indicates that it may be productive to target normative beliefs. This could take 
the form of changing people’s perception of prevailing subjective norms (i.e. increase the perception that wasteful 
water practices are unacceptable) or changing the referent groups that are accessed when intentions are formed. 
Perceived behavioural control was associated with intention to save water around the home. This may indicate 
that the guidance and information provided by the intervention may be effective in removing barriers or facilitating 
pro-conservation action. However, as indicated by the second model (Table 2), information is only effective where 
consumers are engaged in the information process, either by actively searching for it or by paying attention to 
information that they are exposed to. All of these factors will be developed in the upcoming intervention stage. 
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